
Coupledsolid-fluid-mechanicalcomputationalmodelingof

fractureandfragmentationingeomaterials

•Objective:Developageomaterialconstitutivemodelandcomputationalmethod
thatcanpredictivelymodelthetransitionofcontinuousrock-likematerialto
fragmentedrockmaterialwithinthecontextofcoupledsolid-fluid-mechanical
physics.
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TechnicalIssue:onsetoflocalizationandpost-localizationresponse

ingeomaterials

TennesseeMarble(D.Holcomb,6117)
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Densesand(Vardoulakisetal.1978,1981)



TechnicalIssues:onsetoflocalization,post-localizationresponse,mesh-
dependence;Gosfordsandstone(Ordetal.1991,Regueiro&Borja2001)
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Bifurcatedresponsemodelsandtheirnumericalimplementation

basedonavariationalstatementofequilibrium

•thisproposal:StrongandWeakDiscontinuityPlasticity/EnhancedStrainFiniteElement/
Re-MeshContactingFreeSurfaces/CoupledDEM/FEMforfragmentation/Coupledphysics

•CohesiveZone/FiniteElementMethod(Xu&Needleman1994,1996)

•CohesiveZone/Meshfree(Kleinetal.2001)

•LinearElasticFractureMechanics/X-FEM(Moesetal.1999,2002)
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EnhancedStrainHexahedralandTetrahedralFiniteElements

Regueiroetal.2002
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CoupledDiscreteElementMethod(DEM)/

FiniteElementMethod(FEM)

Munjizaetal.1995,Owen&Feng2001,Munjiza&John2002

coupledDEM/FEMconcept
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Summary:modelingtransitionfromcontinuousrocktofragmentedrockmaterial

withincoupledsolid-fluid-mechanicalphysics

P

d

1

23

4

drainedcondition

1.homogeneousdeformation

2.localizeddeformation

3.propagationofdiscontinuity

4.post-localization/fragmentation
Developanewmodelingcapability:

•geomaterialplasticitymodelwithstrongandweakdiscontinuitykinematicscapturingtransition
topost-failureresponse

•3Denhancedstrainimplementation(HexandTetelements)

•adaptivere-meshandcontactingfreesurfacesforlargeslipandcrackopening

•levelsetstotrackgeometryofevolvingsurface(orband)throughmesh

•coupledDEM/FEM

•coupledsolid-fluid-mechanicalphysicswithstrongandweakdiscontinuities

•coordinatedexperimental(6117),modeling,andcomputationaleffort


